Development of vertebrata begins with formation of a multicellular organism by ordered repeated division of a reproductive cell and nondisjunction of the new formed cells, which have kept connection by means of the extracellular matrix. Further there is a consecutive formation of organisms due to aggregation of similar structures: blastaea; segmentella, supersegmentella.
Introduction
The origin of vertebrates remains an unresolved question in biology. Based on a comparison of the structure and development of animals and on their own conjectures, anatomists have suggested a large number of concepts of the origin of Bilateria, including vertebrates. These hypotheses and their analysis are presented in monographs (Bresslau and Reisinger 1933; Hyman 1951; Willmer 1994; Iordansky 2001; Saveliev 2005) , theses (Gorodilov 2002) , and reviews (Arendt and Nübler-Jung 1999; Erwin, 1999; Malakhov 2004; Gerhart et al 2005; Gerhart 2006 ). One of the earliest concepts was proposed by Geoffroy Saint-Hilaire (1970) in the first half of the 19 th century. SaintHilaire argued for the radical idea that vertebrates were inverted copies of arthropods. A similar idea that ancestors of chordates were annelid-like worms was put forward by Dohrn (1937) . This idea is still alive in the 21 st century and has many advocates (Bonik et al. 1976; Foreman 1985; Jefferies 1986; Nielsen 1999; Malakhov 2004) . It arises from the fact that the position of the heart and the direction of the blood flow in chordates are virtually the same as in arthropods but turned upside down. It is equally true of the coelome position. This gives reason to claims by supporters of this concept that ancestors of chordate animals underwent inversion of body parts in the course of evolution; in other words, they flipped themselves upside down and began to move on the morphologically reverse side. In the end, it became to function as the physiologically ventral surface, while the morphological downside turned into a physiologically dorsal one. The direction of blood flow in annelides, arthropods and inverted ancestral chordates also coincides. At the same time, the different position of the heart (on the underside in chordates and high on the dorsal side in invertebrates) may be a result of the independent origins of their blood circulatory systems.
Adepts of the hypothesis of dorsoventral inversion in chordates argue that certain extant species still live upside down (belly upwards), although both ventral and dorsal sides continue to function as such. As is known, "wrong" jelly-fish (Ctenophora) have displaced oral and/or anal openings, although their ento-and ectodermal origin is not in doubt. Adherents of this hypothesis adduce data from molecular biology in support (Arendt and Nubler-Jung 1994; Ferguson 1996; Voronov 2000.) .
Gastrula-stage embryos of certain vertebrates have been shown to synthesize bone morphogenic protein-4 (BMP-4) and chordin (CHD) on their ventral and dorsal sides respectively. Normally, CHD is synthesized on the dorsal side, but its experimental injection into the ventral side to increase protein concentration triggers the development of intrinsic dorsal structures. Similarly, the administration of BMP-4 into the embryo's dorsal side induces the formation of ventral morphological structures. Virtually identical results were obtained in Drosophila experiments and in a study by Slack et al. (1993) on the role of group Hox genes in the development of different invertebrate and vertebrate animals. The authors showed that the Hox gene expression marks the ventral side in invertebrates and the dorsal one in vertebrates. However, localization of these proteins at a given site neither confirms nor disproves the inversion hypothesis; it only suggests that they are involved in the formation of certain morphological structures or somehow influence it.
They are supposed to be derivatives of blastopore inducer (organizer of development at early gastrulation stages).
Supporters of this idea seem unwilling to notice a significant difference in the development and organization of the above animal groups or the absence of homologous organs in them. The primary difference between protostomes and deuterostomes is in cleavage patterns of the fertilized ovum, spiral in the former and radial in the latter. Another difference consists in the mode of coelome initiation. In protostomes the walls of the coelome develop from two teloblasts, while in deuterostomes they originate from an outpouching of the embryonic intestine. The critical difference between chordates and arthropods lies in the structure of the central nervous system.
Neither arthropodes nor annelides have a tubular nervous system; therefore, dorsoventral inversion can not account for its appearance in chordates.
Thus, hypotheses explaining the structural organization of chordates and their origin from inverted annelides and arthropods appear invalid by virtue of the fundamental differences in the embriological development of annelides and arthropods, on the one hand, and chordates, on the other hand.
Other hypotheses postulate the origin of chordates from acorn worms (Enteropneusta). Similar to chordates, these animals have gill slits; moreover, they develop stomochord, a support structure in the form of a forward extension of the intestine comparable with the chord. However, Enteropneusta differ drastically from chordates by the opposite direction of their blood flow, the position of the heart, the organization of the nervous system, and other important structural features.
Certain researchers postulate the origin of chordates from echinoderms, nemertines, mollusks, and other groups of invertebrates. However, all these hypotheses proved invalid (Hyman 1951; Jagersten 1955; Beklemishev 1964; Kuhlenbeck1967; Ivanov and Mamkaev 1973; Jollie 1982; Ivanov 1991; Lipps and Signor 1992) .
Some authors believe that vertebrates originate from ancient ancestors of modern hemichordates. They emphasize the similar traits of hemichordates and chordates, but fail to establish the degree of kinship between the two groups and identify evolutionary pathways from one to the other. In addition, there are neotenic hypotheses (Beklemishev 1964; Berrill 1955; Rieger 1994 ) some of which (see, for instance, Berrill 1955) link chordates with ancient ascidian larvae that also had the chord and the neural tube. It is more likely, however, that these features are inherited from free-living ancestors of ascidias, whose origin and organization are not specified by advocates of neotenic hypotheses.
An in-depth analysis of the current hypotheses of chordate origin was presented by Saveliev (2005) . The author arrived at the well-founded conclusion that the existing theories of the origin of chordates are untenable. We fully share this opinion. Saveliev's hypothesis of the origin of the nervous system in chordates deserves attention, but we cannot totally agree with the author.
Alluding to the scarceness of paleontological data on the origin of chordates and information about the conditions that facilitated the appearance of their first representatives, Saveliev describes all modern theories as based on "dubious conjectures". On this ground, he believes that even the most exotic hypotheses of vertebrate evolution "have the right to exist". He puts forward the idea that chordates originate from a hypothetical flat animal with two pairs of nerve cords whose body turned 90 degrees after the structure of the sea bottom had changed. The turn was accompanied by the reorientation of ventral and dorsal surfaces. At the same time, the author himself doubts the possibility of such an event and suggests one more hypothesis of the origin of the tubular nervous system, i.e. chordates at large, from ancient turbellaria related to some modern representatives of this class (Aloeocoela).
It is important to emphasize that the author of this idea is focused on elucidating the origin of the tubular nervous system. He believes that the formation of nerve cords was dictated by an organism's behaviour. As turbellaria took to burrowing into the sea silt, their nerve cells became subject to friction and underwent displacement that eventually resulted in the fusion of ganglia.
According to Saveliev's original idea, the central nervous system of chordates developed from the fused dorsal nerve trunks of ancient turbellaria. Joining dorsal ganglia together gave rise to an extended assemblage of nerve cells unpartitioned by nerve fibers. A typical nerve ganglion of invertebrates comprises peripheral cells and the central part made of their interwined projections.
Cavities around neurons inside a nerve cord developed to ensure fluid circulation. In this way, the tubular nervous system came to be formed. We think that the nervous system of the first chordates actually had two pairs of nerve cords that underwent segmentation and are retained by all modern vertebrates in the form of nerve knots of the peripheral nervous system. Therefore, these cords could hardly give rise to the tubular nervous system.
According to Saveliev (2005) , the chord appeared to meet the requirements of the organism for a specialized structure to support the neural tube internalized between two muscular bands; it would be impossible to ensure the stable shape of the neural tube and the normal circulation of the cerebrospinal fluid without such backbone. We consider this argument as unsound. First, because organs are not formed in response to a requirement of the organism. Conversely, the organism employs the existing organs to perform additional functions, if any. Second, embryological data give evidence that the chord appeared earlier than the neural tube (Carlson 1983, pp. 173-178) and its removal in experiment leads to the development of epidermis rather than nervous tissue (Spemann and Mangold 1924; Spemann 1938 ). Saveliev explains gill formation by the necessity to intensify metabolism under new conditions after the animals took to living partly buried in the bottom substrate. Furthermore, the author of the new hypothesis expresses a singular opinion on the origin of bilateral symmetry. He accounts for the appearance of four nerve trunks by the transition of free-swimming animals to the benthopelagic mode of existence; in this way, he argues, the first axis of symmetry was formed. In other words, Saveliev tries to derive functional symmetry from the animal's mode of life. This approach is not quite correct because the symmetry of both biological organisms and mineral life forms (e.g. living crystals) depends on their internal composition (Yushkin 2002) . Attempts by the author to explain segmentation of the body based on muscular metamerism and as arising from the necessity of motion look equally baseless.
We like the idea of Dewel (2000) based on the assumption that bilaterally symmetric animals originated from the confluence of coelenterate colonies. This view is consistent with our earlier hypothesis (Ermolenko 1996 (Ermolenko , 2006 . Nevertheless, we do not share the author's opinion that polyps metamerically arranged inside a colony turned into individual organs of a bilaterally symmetric organism. We are inclined to think that integration involved highly organized individuals having ecto-, ento-, and mesoderm as well as mesoglea, germ cells, nervous and glandular tissues rather than primitive two-layer gastraeas.
Analysis of the available literature shows that none of the existing hypotheses of the origin of vertebrates is recognized as convincing and universally accepted. All of them are inconclusive and mutually contradictory. They do not provide satisfactory arguments for the origin of symmetry, segmentation, chord and tubular nervous system.
Our own theory of the origin of vertebrates
After all, the earliest progenitors of ancient ancestors of man and many other animals were primitive multicellular organisms. Their further evolution passed through the following stages: cuplike body with a wall made of two layers of cells (Ernst Haeckel's gastraea), its development into a more sophisticated organism (supergastraea), colonies of supergastraeas, primary multisegment organism (segmentella), colony of two segmentellas, advanced integral multisegment organism (supersegmentella), prevertebrate organisms. This Section is not designed to describe the genealogical tree of the animal kingdom, which is impossible to do in principle. Bearing in mind the polyphyletic origin of the animal world, a better analogy might be a tropical forest rather than a tree.
Our aim is to identify a "germ" that gave rise to human evolution, characterize its role relative to other ancestors of animals, and briefly describe the major stages of its development. Figure 1 presents a diagram of vertebrate evolution.
Multicellularity. Multicellularity evolved in a variety of ways and multiple times over the course of evolution. Today, it is impossible to say what concrete protozoa gave rise to multicellular organisms. It may be speculated that the multicellularity that finally brought about chordate species developed through regular division of germ cells and subsequent differentiation of successively formed new unicells (Frolov 2006) . In all likelihood, the very first Metazoa, like modern multicellular organisms, were clone offsprings of a single parent cell, i.e. cell ensembles resulting from multiple division of the initial cell that for some reason failed to break down and remained linked, perhaps via intercellular matrix. This mode of multicellularity origin is easy to trace back in Volvocales and in chordates at the stage of ovum cleavage.
A characteristic feature of microorganism and protozoan colonies is a supraorganism-level functional organ (Oleskin 1993) . A noticeable fact is the merging of outer cell coverings (capsules, extracapsular mucus, etc.) leading to the formation of integrated biopolymeric matrix (Safronova and Botvinko 1998) . The matrix comprises acid polysaccharides, glycosyl phosphate, biopolymers like teichoic acids, glycoproteins, polyglutamic acid, and other biopolymers (Gygi et al. 1995) . The similarity of animal and microbial matrices is enhanced due to the presence of common chemical components. The matrix of a multicellular community is a structure-forming entity and belongs to the supracellular level of organization. The matrix integrates separate cells of the colony into subcolonial associations. The colony structure is supposed to contain microchannels for the transport of various substances; they are hollow tubules made of polysaccharides and other biopolymers. The tubules also serve as migration routes for individual cells (Kleinman 2003; Matveev 2007 ).
The influence of the extracellular matrix as a structure-forming entity and non-disjunction of dividing cells is apparent at different levels of organization, viz. in the first multicellular organisms, metazoa of the Haeckel gastraea type, and more complicated multicellular communities. It reflects the conservation law (a fundamental law of matter evolution) whereby nature tends to adapt the existing structural and functional capabilities to freshly developing structures rather than travel all the way over again or seek alternative options. Evolutionary conservatism manifests itself in the way that newfound forms of ordering are conserved by their integration into next-generation structures (Galimov 2001) .
The symmetry of a spherical body whose elements are either in a state of homogeneous mass or have only a uniform surface layer may be regarded as that of a ball in which the number of symmetry axes is limited by the quantity of elements comprising it. Such organization is typical of the first multicellular organisms. A cross section of a colony divides it into mirror-image halves; in mathematics such symmetry is referred to as radial. However, such a colony actually has no biological symmetry. Symmetric antimers in biology are objects that form similar structures or kindred objects having common descent rather than mirror reflections from an imaginary plane.
Such parts of an organism may be coupled via a field coupling.
E. Haeckel's gastraea. The diversity of cellular life forms resulted in the development of colonies with characteristics of an integral globular organism (Volvox-type) having an internal cavity filled up with liquid mucus (extracellular matrix) actively involved in the regulation of various processes. Its further evolution proceeded through changes in the composition of the extracellular matrix, the functional specialization of cells exposed to dissimilar environmental conditions in different parts of the sphere, and the variation of osmotic pressure inside and outside of the organism. Taken together, these events resulted in the curving or invagination of the globule. 2 -14 -the number of aggregated individuals.
Echinodermata-aggregation of segmentellas by joining their anterior ends. Arthropods -aggregation of trochozoa by joining anterior to posterior ends. Protochordates -aggregation of segmentellas by joining their posterior ends. Annelides -multiple aggregation of pretrochozoa.
It afterwards gave rise to a digestive cavity with the mouth. In this way, an integrated whole organism, e.g. a primitive coelenterate, came into being. Such an "invention" gave it an important advantage in terms of obtaining food and revolutionized further development of the animal kingdom. Specifically, it made possible the appearance of numerous free-swimming and sessile forms of multicellular organisms.
There are many mechanisms leading to the formation of a two-layer organism (Bonik et al. 1976; Gilbert 1993; Grasshoff 1993; Seravin and Gudkov 2005) . They could operate in ancient ancestral forms and contributed to the development of numerous new animals. We are inclined to think that a two-layer organism like Haeckel's gastraea that gave rise to chordates developed under the influence of an extracellular crystalloid matrix and involved the aggregation of individual specialized cells into organ-like structures. A similar idea of cell integration was put forward by Mechnikov (1951) in his description of the development of phagocytella with the outer surface made of ciliated cells and the inner layer possessed of phagocytic properties and digestive activity.
Sensitive (neural) cells as well as germ, muscular and other cells also integrated into specialized structures. Since that time, the colony turned into a self-sustaining organism; its further development proceeded via an intensification of integration processes. The two-layer organism had radial symmetry, and the number of radii in different organisms varied from 2, 4, 6 or 8.
Supergastraea arose from a quadriradiate gastraea. Earlier researchers postulated the origin of Bilateria from quadriradiate polyps whose gastral cavity was divided into four chambers (Ulrich 1951; Marcus 1958; Slewing 1980; Remane et al.1989) . Such polyps crept on their oral surface.
Their oral aperture elongated to become a slit, the edges of which later converged to the mid-point and leaving only two holes open, the mouth proper and the anus. It should be emphasized that the authors of this hypothesis did not specify a cause that made the mouth lengthen.
Supergastraea. Inductive influences from the vegetal to animal pole are apparent as early as the blastula stage. In obedience to the symmetry law, the formation of the entodermal layer associated with invagination of part of the organism relative to the horizontal plane (dividing it into dorsal and ventral antimers) was followed by invagination of the ectodermal layer. The construction of comb jellies (Ctenophora) suggests the presence of invaginations at both oral and aboral poles. The former leads to the pharynx, while the latter makes up part of the statocyst (Natali 1951) . The organization of Ctenophora as well as embryonic development of hemichordates and chordates gives rise to the idea of cavity evolution in distant ancestors of vertebrate animals. The primary forms of Eumetazoa that attached themselves to the substrate using their primitive mouth were able to form two orifices due to incomplete occlusion of its edges; these openings served to take food and dispose of metabolic products. Further evolution of such animals passed via the formation of colonies comprising small groups of individuals.
The description of colonies of advanced gastraeas needs to be preceded by the characteristics of these organisms to better understand their metamorphosis. The advanced gastraea (supergastraea or archeometazoa) is not a simple cup sphere with a two-layer wall, but an organism with a long and complex evolutionary history. It had a more complicated organization than that of another hypothetical organism, gallertoid, described by Bonik et al. (1976) . It had an oval shape, was clearly divided into dorsal and ventral parts, and led a sedentary life, probably crawling on the ventral region. Its overall construction somewhat resembled that of comb jellies. It had invaginations at both sides of the body (ventral and dorsal), but they were disjoined. Ancient eumetazoans could attach themselves to a substrate with their mobile mouth that formed the anterior-most part of the internal cavity, a receptacle for germ cells, even though it partly functioned as a digestive organ too. This type of structural organization is exemplified by Sagitta. The advanced gastraea moved with the help of cilia or more complicated structures. The subectodermal nervous system was comprised of nerve cells spread over the whole body, producing a network of interwined projections. The accumulation of these cells in the form of a ring was especially dense at the aboral pole. An extracellular matrix (mesoglea) also concentrated at the aboral pole beneath the nerve net. This organism is thought to have had glandular cells that excreted an adhesive substance.
The structural organization of supergastraea is illustrated by Figure 2 .
Segmentella. Segmentella is an integral segmented organism made of zooids united laterally by their slimy walls via plasmodesmas. It has no analogs among modern animals. For convenience, we propose the name "segmentella" (Segmentella Yermola) for this hypothetical organism originating from supergastraea colonies with a small number of individuals (from 2 to 9).
Segmentellas with different numbers of segments evolved unevenly. It turned out that fivesegment species were best adapted to contemporary living conditions and developed at a higher rate compared with other forms. There may be other explanations for the wider spread of five-segment individuals. Initially, these organisms were not divided into the anterior and posterior parts.
However, integration processes, functioning and adaptation to the environmental conditions collectively resulted in the differentiation of the anterior end. Specifically, integration processes were responsible for the fusion of invaginations at the ventral and dorsal sides of supergastraeas into furrows symmetric with respect to the plane dividing the body into two parts (the dorsal one being less apparent than the ventral). In segmentellas retaining mesoglea, integration processes promoted the concentration of the diffuse nervous system, first near dorsal invaginations and thereafter around the dorsal tube. In this way, the formation of the tubular nervous system in hemichordates was completed. Figure 3 shows the stage-by-stage development of these processes.
With the alignment of individuals in a row, they acquired an additional (sagittal) symmetry plane and gave rise to a new organism with radial bi-planar (radial quadrilateral) symmetry. One plane of symmetry divided the organism into dorsal and ventral antimers, while the other (sagittal) divided each antimer into two more parts. These divisions brought forth 4 antimers. Such organization of symmetry contributed to the rise in the number of antimers due to the division of primary segments into 4 parts and their metameric arrangement.
According to the trochophor hypothesis (Beklemishev 1964) , annelids and arthropods originate from a hypothetical ancestor, trochozoon, which had a trochophor-like structure and a history tracing back to ancestral creeping Ctenophora. We think that trochozoon was a match for segmentella in that both had a segmented body. The difference between them lay in the rate of integration processes which brought individual zooids together to become a whole self-contained organism; it was higher in the trochozoon that lost ancestral mesoglea whereas its mesoderm was better developed. Supersegmentella. Segmentellas developed both as self-contained and colonial organisms. Both free-living and colonial segmentellas co-existed. Colonies comprised organisms with different numbers of segments; however, mixed colonies containing five-segment forms and organisms with a different number of segments (from 2 to 9) were most viable. In other words, these segmentellas had from 7 to 14 primary segments. Some of them joined together at their anterior ends so that they radiated from the common mouth. These organisms became precursors of echinoderms. Otherwise, the merging of two segmentellas comprised of different number of individual units (primary segments) by joining their posterior ends resulted in an even more complicated body structure referred to hereinafter as "supersegmentella".
Fig. 3. Formation of segmentella.
A -supergastraea colony attached to the substrate, B -segmentella with a constituent supergastraea at the ectodermal invagination stage (1 -ectodermal invagination), C -structure of the quadriradiate coral polyp, ancestor of Bilateria (Remane et al., 1989) , D -oral fissure (through crosshole and intersegmental passages), oral-side view.
The trochozoon developed along a similar line. Aggregation of many pretrochozoa gave rise to annelids. Two-component organisms having from 7 to 14 segments (according to the formula: 5 + n, where n = from 2 to 9) were common ancestors of arthropods. It is worthy of note that two contacting organisms having different number of segments joined with each other via opposite (anterior to posterior) ends of the body.
It can be thought that supersegmentellas were basically living as sedentary or semi-sessile organisms. The ability of individual segmented organisms to join together via cephalic and caudal ends is still preserved in certain modern annelid species (Natali 1951) . Non-disjunction after division accounts for the existence of long-lived colonies. Linear colonies of segmentellas gradually transformed into self-contained organisms as occurred multiple times in the evolutionary history of multicells. The combination of a five-segment organism with one similar resulted in radial twoplane symmetry of their joined bodies, while the number of antimers was consistent with radial three-plane symmetry. This led to the overall reorganization of the organism. The dorsal and ventral tubes of supersegmentella fused into one to give rise to a U-shaped cavity functioning as the digestive organ. Trochozoa also developed a U-shaped intestine. Their mesoglea, like that of ancestral Pterobranchia, did not participate in the formation of the dorsal tube, and the U-shape intestine contained little nervous tissue. The short body of certain zooids, such as Rhabdopleura (Pterobranchia), looks as if it were doubly folded and their anal opening is localized on the anterior end just behind the head. This group of animals is known to bear very little similarity to chordates for the lack of both the hollow neural tube and the chord. In certain supersegmentellas, the dorsal tube with the curved portion had split off before formation of the U-shaped tube was complete. This part of the tube straightened, the two structures became independent and acquired novel functions.
The dorsal tube began to function as the central nervous system and the ventral one turned into a digestive organ. Integration processes created a new organism. The edges of invaginations of all segments joined together at both the dorsal and ventral sides; this facilitated the transformation of the primary digestive cavity into the intestine, beginning in the new mouth opening and ending in the new anus. The intersegmental oral fissure turned into endostyle and the primary pores resulting from incomplete closure of the mouth passed into gill slits. The newly formed organism was able to move freely. However, the supersegmentella, being a filter feeding organism, did not immediately use this ability. That is how lancelet-like organisms have evolved.
Symmetry processes in the formation of cavities of an organism.
Figure 4 schematically illustrates the development of different cavities (primary intestine and nervous canal) as antimers followed by formation of the neural tube, lateral line canal, primary intestine and coelome. The morphological changes that led to the loss of the close relationship between these structures and their independent development paralleled the functional differentiation of the initially symmetric organs (digestive cavity and neural tube; digestive cavity and coelome) and of the originally functionally related structures (digestive cavity, inlet and outlet openings). In the course of phylogenetic development, the primary digestive cavity passed into the intestine and coelome. This inference is confirmed by the development of coelome from enterocoel in all chordates. The primary coelome gave rise to all body cavities in the adult organism (Carlson 1983, p.35) . Primary inlet and outlet openings localized in the anterior-most part of the body turned into gill openings. Thereafter, they acquired a "respiratory" function and receptors formed around them.
Due to this and the continuation of general integration processes, the primary digestive openings changed morphology and their localization.
Fig. 4. Schematic development of cavities in a hypothetical ancestral organism of vertebrate animals.
A-F -stages of symmetry-dependent cavity development.
1 -primary cavity, 2 -entodermal invagination, 3 -ectodermal invagination (neural tube), 4 -lateral cavity, 5 -mesoderm, 6 -ectoderm, 7 -entoderm, 8 -primary intestinal cavity, 9 -coelome, 10 -chord.
Prevertebrate organisms. In other forms of supersegmentellas, the nervous system continued to develop. Bending of the posterior tube portion necessitated curving of the anterior one as dictated by the requirement of symmetry relative to the plane dividing the front and back parts of the body (Carlson 1983, p. 297; Cowan 1984; Gilbert 1993; Romer and Parsons 1992 ) (see Figure 5 ).
However, ventral and dorsal tubes in the anterior part failed to fuse completely. Straightening of the bent dorsal tube opened the possibility for the development of the tubular nervous system. The ventral tube gave rise to the intestinal canal. Simultaneously, the amount of nervous tissue increased in the course of integration processes both at the anterior end and at the posterior from which the brain and cerebellum developed respectively. The presence of the neurointestinal canal in all vertebrates at the stage of embryogenesis reminds us that the nervous canal and the digestive cavity were originally a single structure. A -lancelet embryo at the stage when the neural tube has formed by according to Romer and Parsons (1992) ; B -human embryo at the 14-somites stage according to Carlson (1983) . We have simplified the schemes.
1 -neuropore; 2 -neural canal; 3 -chord; 4 -neurointestinal canal; 5 -intestinal cavity; 6 -anterior bending of the tubular nervous system; 7 -primary intestinal cavity; 8 -posterior bending of the tubular nervous system; 9 -yolk stalk
Conclusion
Summarizing the above data, it should be emphasized that new organs could not arise from nothing. Cells and tissues of multicellular organisms adapted themselves to the changing environment, became specialized and localized in the body so as to conform to its intrinsic symmetric organization at any given stage of evolution. Mesoglea that had played an important role as an organizer of primary multicellular animals throughout the long period of previous evolution transformed into the chord to further govern the development of chordate animals. Nerve plexuses at the aboral pole gave rise to the nodal nervous system; the diffuse nervous system that formed around entodermal invaginations and thereafter around the ectodermal tube evolved into the tubular nervous system. Glandular cells in each segment aggregated into glandular tissue.
After the chord had lost its organizing function, mesoderm became the main determinant factor of vertebrate structure. The first plane of symmetry in ancient multicellular organisms divided them into dorsal and ventral sides. With the alignment of individual segments in a row, they acquired the sagittal plane of symmetry that separated the body into right and left parts. Aside from that, they already had a well-defined anterior end. The combination of two such organisms into one gave rise to the third plane of symmetry. For a long time, this new organism existed as a tri-planar system. However, organs located at either side of the plane dividing the body into ventral and dorsal parts underwent functional differentiation and any functional homology between them was lost.
Therefore, one plane of symmetry was lost too, and the organism became bi-symmetric, i.e. had the sagittal plane of symmetry and symmetry with respect to the plane dividing it into anterior and posterior parts. Further structural changes relative to the sagittal plane were insignificant and bilateral symmetry was well apparent, even though antimers with two-and even three-plane symmetry could be easily found. To recall, the evolving gastraea had radial symmetry that is still present in man. This is how primary chordate precursors of vertebrate animals came into being.
Our hypothesis of the origin of vertebrates has a bearing on the most important events in the evolution of Eumetazoa. This work is not designed to provide comprehensive analysis of all problems pertaining to morphogenesis; it only expounds our opinion on its most important aspects.
Phylogeny. We think that the common mistake of most researchers dealing with the origin of chordates is the attempt to find a "worthy" representative of invertebrates and interpolate some of its properties onto an ancient ancestor whose evolution could have deviated from the common line and given rise to all chordates. We regard this approach as incorrect. The problem is that paleontological chronicles contain no data whatsoever about such old life forms. The ancient ancestor of vertebrates and its course of development can be reconstructed only by taking account of the general trends in animal evolution. We have tried to address these issues in this paper.
The similarity between mirror structural views of annelids and arthropods, on the one hand, and vertebrates, on the other, is unmistakable. Hence the idea of their common descent, e.g. from Urbilateria, and the dorsoventral inversion of these animals. We believe in such common ancestor and this opinion is supported by a wealth of molecular biological data. The question is what role it played in phylogenesis and what was the cause of the inverted structure in this organism. We hypothesize that their common ancestor was a non-segmented supergastraea characterized by radial quadriradiate symmetry. De Robertis and Sasai (1996) argues that the hypothetical animal Urbilateria (the common segmented ancestor of all Bilateria) was unlikely to have ever existed. It accounts for the structural similarity of prevertebrates and trochophors in the development of colonies from one and the same life form (gastraea) with similar axial symmetry organization (alignment of individuals in a row inside the colony with its subsequent transformation into a whole integral organism). The difference between two branches of divergent but related organisms can be explained by the different nature and localization of the organizer (mesoderm in trochophors, first mesoglea then mesoderm in ancestral chordates (Segmentella Yermola).
Function. A significant mistake made by many researchers is that they try to deduce the evolvement of major morphological structures in vertebrates, their symmetry and functional segmentation of the body or individual organs from their environmental conditions, mode of life and forms of motion. Certainly, these factors and adaptive behaviour objectively contribute to the transformation of an organism. However, there are other evolutionary mechanisms that escape their influence. It should be borne in mind that a function can promote a change in an existing organ, but it can neither create a new one nor organize its symmetry. Body functions are related to the environment in so far as it decreases the number of symmetry planes. According to Curie's (1908) principle of symmetry, an object only has only symmetry that coincides with the symmetry of the environment. Symmetry of an organism is conditioned by its intrinsic crystalloid composition (Ermolenko 2007) . The development of new organs is not infrequently attributed to environmental changes and the resulting demand for new morphological structures. Such explanation is incorrect.
Had such mechanisms actually operated, life would have never developed further than the protozoans that appeared over 3.3 billion years ago and have not significantly changed since then. It is incorrect to explain the development of new organs by the necessity to meet the requirements of the organism, because such an explanation implies providentialism, i.e. manifestation of the creator's will.
Integration. Some authors of publications on biological issues relate integration processes to organism functions and the environment. (Chapman 1966; Bonillon and Coppois 1977; Weber and Schmid 1985) . In certain coelenterate species, it resembles connective tissue (Zavarzin 1953; Chapman 1974; Matveev 2007) . The role of the extracellular matrix changed with the development of new life forms. Both its properties and functions altered. In hemichordates, ECM looks like a small gelatinous band surrounded by a single cell layer (Olson et al.1990; Meglitsch and Schram 1991; Saveliev 2005) . This structure designated "chord" functions as an organizer in the early embryogenesis of chordates including vertebrate animals.
The very early stages of two-layer forms, such as Haeckel's gastraea, developed a layer of mesodermal cells that gradually took a leading role in the organization of the organism. It is a key organizer triggering integration processes starting from the phase as early as segmentella. It was reasonably supposed (Malakhov 2004 ) that the primary mouth (blastopore), another important organizer, divided into two parts (oral and anal openings) and thereby separated mesoderm into two components. However, in the capacity of an organizer the mouth builds up structures with radial symmetry. Lancelet-like animals and vertebrates have two organizers with characteristics of bilateral symmetry. Therefore, it can be conjectured that such situation is a result of the combination of two independent organisms having planar symmetry.
Symmetry. There is an explanation (Beklemishev, 1969) for the origin of bilateral symmetry that it conferred an advantage over radial symmetry for directed locomotion. However, recent developmental and phylogenetic studies by Finnerty (2005) suggest that bilateral symmetry may have evolved in a sessile benthic animal, predating the origin of directed locomotion. Severtsov (1945) and Beklemishev (1964) maintained that all Bilateria have homologous body symmetry.
This name indicates that such animals are bilaterally symmetric and have a single sagittal plane. As mentioned in a preceding section expounding our hypothesis, these animals actually have more complicated symmetry patterns. Homology of symmetry with respect to the sagittal plane is not universal in all animals. However, it occurs and has an identical mechanism in all segmented animals in whom segments are aligned in a row. In some non-segmented forms with signs of bilateral symmetry, it is not homologous to the symmetry of segmented organisms. An example is bilaterally symmetric Caetognatha, specifically species of the genus Sagitta, whose ancestors had radial-biradial symmetry. Longitudinal extension of the body gives ground to regard these animals as having radial bilateral symmetry. Symmetry of Kimberella having no segmentation features (Fedonkin and Waggoner 1997) is also not homological to the symmetry of chordates.
Homeobox genes. Attempting to infer structural homology from molecular evidence can result in fallacious deductions (Abouheif et al., 1997) . However, we agree with Erwin and Davidson (2002) and Finnerty (2003) that in the coming years, a different interpretation of the comparable Hox and dpp expression patterns of coelenterata and bilaterians can help in the search for the predecessor of bilaterians. Furthermore, we believe that we should not arrange animals in a row and make a search for the point of divergence (should not aim to construct a Phylogenetic tree) but mind the polyphyletic origin of animals. Comparative analysis of the structure and expression of homeobox genes makes it possible to study segmentation and homology of different organs. These genes regulate the development of principal structures, segmentation, initiation of limb bud outgrowth, and other processes. Homebox genes are believed to have arisen from multiple duplication of a single progenitor gene (Gorodilov 2002; Malakhov 2004) . Such genes are called paralog genes. The concept of the birth of homebox gene clusters provides a basis for hypotheses of the origin of segmentation and two organizers and of the gradual rise in the number of paralogs and thus segments. It has been shown that the maximum number of paralogs in a homebox gene cluster of vertebrates is 13 compared with 14 in the lancelet (Foreman et al.1985; Garsia-Fernandez et al., 2001 ). Based on this fact, Gorodilov (2002) arrived at the conclusion that the lanecelt has retained all the genes of this group within a single Hox chain during more than 500 million years of its evolution; in fact, their number increased.
An alternative opinion assumes that genes of individual animals fused as the organism joined together into a colony and thereafter into a self-contained organism. It should be borne in mind that the joining of independent organisms occurred in two groups that later formed one. The number of segments (individuals, genes) in the groups is described by the formula: 5 + n, where n = from 2 to 9. The total number of segments ranges from 7 to 14. Such treatment of the so-called paralogs explains their different number in vertebrate and chordate animals and the origin of two organizers.
Spemann's organizers (cephalic and corporeal) are supposed to be two separate and totally independent structures of different origin Gorodilov (2002) . This opinion is confirmed by the results of experimental studies showing that inactivation of Liml, Otx2 genes results in the complete absence of the head, whereas the body and the tail develop normally (Acampora et al. 1995; Gorodilov 2002 ).
In the review article devoted to the origin of chordates, Malakhov (2004) considers Dewel's (2000) hypothesis of chordate origin from the conversion of coelenterate colonies into a selfsustaining organism. The author points out that no signs of several individuals having joined into one can be found in embryogenesis of Bilateria. However, this fact does not exclude the probability of concerted action on the part of the genes carried by individual organisms within a single structure. Concerted gene action was reported from experiments on the creation of allophenic mice (Gilbert 1993) . There is a number of concepts and their evidence proving joint action of different organisms' genes: endosymbiosis, horizontal gene transfer, the concept of genetic coadaptation and other (Sprague 1991 , Smith et al. 1992 , Kidwell 1993 , Syvanen 1994 . Transgenic organisms created in vitro is another argument for the associated action of genes of different organisms.
The mouth and its function. The development of the mouth marked a most important breakthrough innovation in animal evolution. This organ radically changed the mode of digestion that in turn led to a complete reorganization of the organism. However, the role of the mouth can not be reduced to its function as some sort of a gate for food intake and disposal of metabolic products. Much more important is its contribution as an organizer of the organism. Oral invagination in blastaea gave rise to the mouth and the spherical digestive cavity. Many authors simulated events that had supposedly led to the transformation of these structures into the intestine with inlet and outlet openings, but failed to provide conclusive evidence of the validity of their hypotheses. It has long been assumed that the body of a gastraea-like organism for some reason lengthened. Accordingly, the digestive cavity extended and formed the second (outlet) opening through which to dispose of metabolic products. After a time, this opening for an unknown reason became the inlet; its function changed too as well as the direction of food transport through the digestive tract. Based on this assumption, biologists distinguished Protostomata and Deuterostomata. Malakhov (2004) and other modern researchers studying the origin of bilateral organisms analysed the available phylogenetic data by methods of comparative anatomy, embryology, paleontology and molecular biology. They came to the conclusion that the mouth and the anus originate from anterior and posterior ends of the extended blastopore respectively. This conclusion confirms homology between the ventral side of Bilateria and the oral disk of coelenterates. However, what caused blastopore elongation and its subsequent collapse at the midpoint to form the mouth and the anus remains to be elucidated. This concept of mouth and anus origin eliminates the classification of animals into protostomes and deuterostomes, the more so that protostomia actually occurs only among flatworms while true deuterostomia is characteristic of echinoderms (Saveliev 2005) .
Bilateral symmetry in Bilateria starts to develop only at post-gastrula stages. Blastopore elongates and becomes slit-like, its subsequent constriction produces two openings (mouth and anus). Our hypothesis explains fairly well such sequence of events in Bilateria. First, a singlesegment organism passed from blastaea to gastraea. Then, successive aggregation of gastraeas in a row led to symmetry with respect to the sagittal plane. Confluent mouth openings of several individuals turned into an elongated mouth. Due to high affinity between the lips, they formed a new structure with a digestive cavity having the mouth and the anus.
Origin of the tubular nervous system. Earlier researchers postulated formation of the tubular nervous system from nerve cells accumulated around the alimentary canal, as in arachnids (see Saveliev 2005) . This idea attracted fierce criticism as requiring a number of violent assumptions about the development of the new intestine and the chord. Embryogenesis of vertebrates reveals no obvious signs of such development. Nevertheless, the same idea in the generalized form warrants attention because it facilitates an understanding of the mechanism by which the nervous system developed from the nerve cells accumulated around the preformed cavity (tube). The new hypothesis of Saveliev (2005) pertaining to nerve tube formation by integration of nerve trunks into a single system further contributes to a better understanding of the problem. The author argues that the cavity developed to ensure liquid circulation around the nerve cells and thereby intensify metabolic processes. To reiterate, it has been mentioned above that organs and structures are not formed in response to a requirement of the organism. Moreover, the author of the hypothesis does not say what function this liquid performed in ancient ancestors of chordates.
Analysis of the literature data reveals a lack of well-founded concepts of neural tube development. It hampers understanding of the origin of chordates. Our hypothesis of neural tube as a fusion product of aboral invaginations in a segmented organism gives a clue to a better understanding of this issue.
